Observations from the Heliospheric Imagers (HI-1) on both the STEREO spacecraft have been analysed to search for bright low mass eclipsing binaries (EBs) and potential brown dwarf transits and to determine the radii of the companions. A total of 9 EB candidates have been found, ranging in brightness from V = 6.59 mag to V = 11.3 mag, where the radius of the companion appears to be less than 0.4R , with a diverse range of host temperatures, from 4074 K to 6925 K. Both components of one candidate, BD-07 3648, appear to be less than 0.4R and this represents a particularly interesting system for further study. The shapes of the eclipses in some cases are not clear enough to be certain they are total and the corresponding radii found should therefore be considered as lower limits. The EBs reported in this paper have either been newly found by the present analysis, or previously reported to be eclipsing by our earlier STEREO/HI-1 results. One of the new objects has subsequently been confirmed using archival SuperWASP data. This study was made possible by using an improved matched filter extraction algorithm, which is described in this paper.
INTRODUCTION
Observations of bright host stars of low mass eclipsing companions facilitates precise measurements of the mass and radius of the stars in these systems (Johnson et al. 2011 ). There are, unfortunately, just 18 detached, double-lined eclipsing binary systems known that include a component with less than 0.8 M (Feiden & Chaboyer 2012) . The primary objective of this work was to search for previously unknown low-mass EBs from STEREO/HI-1 data and to determine the radii of the companions. This could not be attempted in the earlier analysis of Wraight et al. (2011) as it was only through the subsequent development of a matched filter algorithm (see Section 2.2) that the difficulties of using the STEREO HI-1B data (see Section 2.1) could be overcome, which facilitates the extractions of low amplitude signals from the combined data, which together provide improved phase coverage across the variability cycle. Compared to our earlier analysis reported in Wraight et al. (2011) , updated flatfields had since become available (Bewsher et al. 2010) and an additional year of data from both satellites for each star had been taken, providing a baseline of about four and a half years compared to the two or three years in our previous study. Since the initial work of Wraight et al. (2011) was restricted to analysing each year of data separately using STEREO HI-1A data only, improved accuracy of eclipse depths and periods could be obtained. The analysis with the matched filter algorithm has allowed us to e-mail: k.t.wraight@open.ac.uk identify additional candidates that had been missed by the previous search. In total, nine candidates are presented where the companions appear to be less than 0.4 R and where the eclipses are most likely total and with a low risk of contamination from nearby stars, although the potential for the eclipses to be grazing remains in some cases.
Studies of very low mass stars close to and below the boundary where the interior is fully convective are limited by a lack of bright eclipsing systems involving such stars (Feiden & Chaboyer 2012) . Where these systems are bright enough, spectroscopic follow-up observations can unambiguously reveal the masses and radii of both components, allowing other parameters to be calculated with sufficient precision to challenge models of stellar formation and evolution (Shkolnik et al. 2008; Ç akirli, Ibaoglu & Sipahi 2012; Luhman 2012; Triaud et al. 2012) . Indeed, there is an apparent tendency for current models to under-estimate the radii of low-mass stars, which suggests the presence of a mechanism inflating their radii (Ç akirli, Ibaoglu & Dervisoglu 2010; Morales et al. 2010; Morales, Ribas & Jordi 2011) . It is therefore highly desirable to have a diverse sample of bright, low-mass detached EBs to compare against these models.
The primary mission of NASA's twin STEREO spacecraft is to study the Sun's corona in three dimensions (Kaiser et al. 2008) . Data from the Heliospheric Imager on the STEREO-Ahead spacecraft (STEREO/HI-1A; Eyles et al. 2009 ) has previously been used to produce a catalogue of EBs (Wraight et al. 2011) , to study the rotational periods of magnetic chemically peculiar stars ) and the pulsational periods of long period variables ( Wraight et al. 2012b) , which was possible owing to the stability of the photometry and the accuracy of the calibration (Brown, Bewsher & Eyles 2009 , Bewsher et al. 2010 , Bewsher, Brown & Eyles 2012 . Several new EBs from Wraight et al. (2011) were suspected to be low mass and confirmation of this provided the motivation to search through data from both the Ahead STEREO spacecraft (STEREO HI-1A) and the Behind spacecraft (STEREO HI-1B) using a custom matched filter algorithm to extract weak variable signals.
This paper describes the matched filter algorithm used to carry out the large-scale analysis of STEREO/HI-1 data in Section 2. The candidate low mass EBs are presented in Section 3. In Section 4 the sample is discussed in the context of current research in this field.
This sample of low mass EB candidates represents an example of one limited study of STEREO data. There are numerous possibilities for this data and the prospects for the legacy of STEREO observations are huge, with a large coverage on the sky of bright stars, regardless of spectral type.
DATA ANALYSIS
Data from the Heliospheric Imagers (STEREO/HI-1) ) on both STEREO spacecraft was used for the analysis. A matched filter algorithm (see Section 2.2) was developed to search through the lightcurves of all of the stars in the STEREO database. The reason a matched filter was used was to allow a good signal to be obtained from a variety of variability types (Jenkins, Doyle & Cullers 1996; Weldrake & Sackett 2005; Enoch 2009; Enoch et al. in press ). However, due to blending with nearby stars, the region close to the Galactic Centre was excluded from the search. The pixel scale of the STEREO/HI-1 imagers is 70 arcsec per pixel ) and close to the Galactic Centre, the high density of stars on the sky results in the eclipse depth to be less than the real depth because of blending in the same and/or from neighbouring pixels. To illustrate this, Figure 1 shows HIP 247 and HIP 248, as seen by STEREO/HI-1A and compared with an image of the same stars from the POSSI survey. It is not possible in this particular case to determine which of the two stars is the source of the observed shallow eclipses (Wraight et al. 2011 ) from STEREO data alone and several other candidates were similarly found to be unresolvable, necessitating follow-up measurements to confirm the companions' status as low mass EBs (most notably BD+03 263p / BD+03 263s and BD+03 2482 / BD+03 2483A). The matched filter algorithm we have used was developed to search for both general variability and detached and semi-detached EBs in stars brighter than R = 11th magnitude.
Where available, archival SuperWASP (Pollacco et al. 2006) observations of these candidates were checked, to help determine whether any variability was due to a background EB, as additional confirmation of the primary eclipse depth and to clarify whether or not secondary eclipses were present. Whilst the pixel scale of the Heliospheric Imagers may result in blending in several of the candidates, the eclipse depths and shapes still suggest the presence of a low mass companion. Additional observations will be required to unambiguously rule out the possibility of grazing eclipses. Furthermore, radial velocity measurements are required to confirm the low-mass nature of the companions. We do however note that a significant amount of radial velocity data already exists for HD 75767 (Griffin 2006) and HD 213597 (Nordstroem et al. 1997) , both sets of data supporting our suggestion that these are low mass binary systems.
Characteristics of STEREO data
The STEREO Heliospheric Imagers ) and their calibration (Brown et al. 2009; Bewsher et al. 2010 Bewsher et al. , 2012 are summarised here. The STEREO/HI-1 imagers have a field of view of 20 degrees by 20 degrees, which is imaged onto a 2048×2048 element CCD, then binned on-board 2×2 to produce the final 1024×1024 images with 70×70 arcsec pixels. The spectral response of the filter is peaked between 630 nm and 730 nm (closely resembling a conventional R-band filter), although it does allow some light through close to 400 nm and 950 nm ). Stars of 3rd magnitude or brighter were excluded from the survey, whilst stars down to R = 12th magnitude from the NOMAD catalogue (Zacharias et al. 2004 ) were used as the basis for selection. Over the course of an orbit, almost 900,000 stars of 12th magnitude and brighter are imaged within 10 degrees of the ecliptic plane. Since the HI-1 imager field of view is centred only 14 degrees away from the centre of the Sun, data on the sunward side of the field of view occasionally can be affected by solar activity and this region was masked out from the analysis.
The STEREO-Ahead spacecraft is in an Earth-leading orbit with a semi-major axis of 0.95 AU, whilst the STEREO-Behind spacecraft is in an Earth trailing orbit with a semi-major axis of 1.05 AU (Kaiser et al. 2008 ). This results in stars remaining in the field of view of the STEREO/HI-1A imager for just over 19 days and in the field of view of the STEREO/HI-1B imager for just over 22 days, with new observations being recorded every 40 minutes. With this combination of regular photometry repeated every orbit, the STEREO mission is therefore very well suited to a wide variety of stellar variability studies requiring continuous observations over many weeks (Wraight et al. 2011) . For this analysis, four such passes of a region of the sky from each satellite were available for most stars, resulting in many thousands of data points spanning up to nearly four and a half years. With more than twice the amount of data and nearly double the time-span used for the analysis of Wraight et al. (2011) , it was possible to extract a larger sample of low mass EB candidates. The tolerance of the matched filter algorithm to artefacts in the data also allowed the complete set of data for each star to be analysed together, whereas those used in Wraight et al. (2011) were restricted to separately using data from each year's observations in isolation to each other. Improved flatfields also became available (Bewsher et al. 2010) , improving the efficacy of the data and minimising the amount of detrending of the data that was necessary.
The STEREO/HI-1B data often exhibits sudden decreases in amplitude of all signals at a given time (Figure 2 ). These are attributed to errors in the background subtraction due to pointing changes resulting from micrometeorite impacts, as the STEREO/HI-1B imager is facing the direction of travel along the spacecraft's orbit, recently confirmed by Davis et al. (2012) . The severity of events can range from a single observation point to days of erratic behaviour. Often there will be a marked decrease for some hours and then a return to normal. In spite of the potential for misclassification of such signals as eclipses, they can normally be easily identified by visual examination, as the shape and duration of eclipses in a real EB do not change, beyond the phase coverage and accuracy of the observations, whereas these artefacts are erratically shaped and, importantly, aperiodic. However, such effects are relatively uncommon in STEREO/HI-1A data, and also less severe when they are present, making these observations much more stable than those of STEREO/HI-1B. The matched filter algorithm developed for the analysis is not readily confused by aperiodic changes, since the signal strength found does not usually change for different periods. However, occasional extreme events cause problems for the polynomial detrending used to clean the lightcurve before being passed to this algorithm (see Section 2.2, below).
Methods used in the analysis
Before being passed to a custom matched filter algorithm for analysis, all lightcurves were passed through a culling routine to remove some of the artefacts caused by Mercury and Venus passing through the field of view as well as some of the more extreme pointingrelated events, although as it is intended to leave some variability untouched, such as from eclipses, this is not wholly effective. Points more than 4σ away from the weighted mean magnitude, for each epoch, were excluded in this process. Polynomial detrending was then carried out by a 4th order polynomial in order to remove residual trends from the flat fielding or other artefacts. This also removes some variability that is long compared to the length of an epoch, thus periods longer than about half the length of an epoch are not expected to be reliable, however long period eclipses are not removed in this process.
The matched filter algorithm analyses a lightcurve in several stages, outlined below, and works by building model lightcurves and finding the minimum least-squared error of a model compared to the actual lightcurve. The model lightcurves consist of data points with the same time and errors as the real lightcurve. The sequence of the processing steps is as follows:
(i) Determine a best-fitting period. A sinusoidal shape is used at this stage. A periodogram is produced during this process.
(ii) Fine-tune the period. A precise period is the most important step in the process and without this the other characteristics will not be reliably determined.
(iii) Determine the amplitude of variability. This needs to be done before and after determining the best-fitting shape.
(iv) Determine the shape of the variability. A selection of shapes consisting of sinusoidal variability with different harmonic signals overlaid are used in addition to shapes based upon box-like total eclipses, v-shaped eclipses and a composite of total eclipses with wide ingress and egress phases. The amplitude is recalculated after this stage and, if an eclipsing model was best-fitting, the duration and depth of eclipses. Figure 3 shows the different eclipsing models as applied to EBs either from the present sample or from previously known sources (it does not produce a v-shaped model for any EB in the sample).
(v) If the best-fitting amplitude is zero this means that the model finds the star to be constant. The period will still be returned.
(vi) If an eclipsing model was best-fitting and the amplitude non-zero, eccentricity and amplitude of secondary eclipses is checked for. Higher harmonics of the period are also checked.
This matched filter algorithm is processor-intensive and, depending on the number of data points, may take from 5 to 10 minutes per star to process for a period range from 0.1 to 3.5 days. This has a resolution of 0.005 days initially and then is fine-tuned to 0.00005 days in a narrow search around the best-fitting period. Higher frequencies were excluded to avoid the Nyquist frequency of about 15.625 days −1 (0.064 days). This was the period range used in the search, however the program showed during testing a clear preference for finding the half-period harmonic of EBs, to the extent that it was specifically programmed to check at double and triple the periods initially found to see if these produced a better fit. It thus potentially checked periods up to 10.5 days for eclipses.
A table of statistics was produced after analysing each field of view. These tables could then be statistically analysed to try to identify low mass EB candidates. Visual examination of the periodograms produced by the matched filter, along with lightcurves phase-folded on the best-fitting period and the detrended lightcurves themselves, was then undertaken to produce a shortlist of signals for further examination.
After the initial list of candidates had been compiled, the surrounding stars in the vicinity of low mass EB candidates were checked to assess whether there was likely to be any contamination from other nearby known bright EBs. This ruled out many candidates. Those remaining were cross-checked in the literature to see if they were already known prior to any analysis with STEREO. Archival SuperWASP (Pollacco et al. 2006 ) data was available for some candidates and this was further checked to confirm both the source and depth of eclipses. A more detailed study of the known parameters for each star was carried out using information available in the literature, which showed one candidate to be likely to be a giant and the companion therefore too large to be a low mass EB. A handful of the remaining candidates were then set aside for potential follow-up but excluded from presentation here, as the source of eclipses needed to be more reliably determined or the eclipses appeared more likely to be grazing. These candidates were subjected to the same analysis as the nine that were left, however the analysis is of more limited use when the shape and depth of eclipses is not reliably determined (in particular, two apparently promising new candidate EBs, HD 18731 and HD 73470, appeared more likely to be grazing).
LOW MASS EB CANDIDATES

Lightcurves and data
Stars are listed in Table 1 in order of increasing radius of the companion. Errors on the eclipse depths have been determined as the standard deviation of the out-of-eclipse lightcurves. The period analysis was done in PERANSO 1 . The Modified Julian Date (MJD-2400000) of mid-eclipse is given for each candidate. Figure  4 shows the lightcurves of the candidates phase-folded on the periods given and Figure 5 shows close-ups of the eclipses, to help clarify which are most likely to be total, since for grazing eclipses the radii found will be lower limits. Table 2 gives the times when the stars in Table 1 will next be viewed by STEREO/HI-1, to facilitate observers who may wish to make observations simultaneously.
Determination of radii
One of the most crucial pieces of information which can be precisely extracted from an EB system is the radius of the companion star, given the knowledge of the eclipse depth and host star radius. The radii of the stars in our sample were estimated from the stellar temperature and luminosity, using the Stefan-Boltzmann relation, shown in Equation 1, where R is radius, L is luminosity and T e f f is effective temperature. It was assumed in all cases that the observed eclipses are total (thus the radii derived are lower limits) and the radius of the companion then follows geometrically from the radius of the primary.
Only one of the stars in our sample has previously been analysed spectroscopically, HD 75767, therefore it was decided to determine T eff photometrically. HD 75767 has been estimated to have a T eff of 5823 K and a bolometric absolute magnitude of 4.60 mag in Mishenina et al. (2009) . For all of our stars Johnson (B and V from SIMBAD), 2MASS (J, H and K s from Skrutskie et al. 2006) and Tycho (B T and V T from Høg et al. 2000) photometry were available. The photometric calibrations by Casagrande et al. (2010) were then used to estimate T eff from various colour indices. Where available Strömgren photometry from Hauck & Mermilliod (1998) was also used with calibrations by Casagrande et al. (2010) , Moon & Dworetsky (1985) , Napiwotzki, Schoenberner & Wenske (1993) , Balona (1994) , Ribas et al. (1997) , and Castelli, Gratton & Kurucz (1997) . The effective temperature finally adopted for each star, listed in Table 1 , is the median value obtained from each colour whilst the uncertainty given is the standard deviation from the mean.
To derive a precise value of the stellar luminosity it is crucial to have a precise measurement of the stellar distance. We have restricted our luminosity estimates to only those available in the new reduction of the HIPPARCOS catalog, presented by van Leeuwen (2007) . For these stars the stellar luminosity was derived from the V Johnson magnitude using the bolometric correction by Balona (1994) , the effective temperature previously obtained, and reddening by Amôres & Lépine (2005) . The uncertainty on the luminosity was derived taking into account the uncertainties on the distance given by van Leeuwen (2007), an uncertainty in the bolometric corBright low mass eclipsing binary candidates observed by STEREO 5 rection of about 0.07 mag, and a reddening uncertainty of 0.01 mag (Fossati et al. 2008) .
For those stars not present in the new reduction of the HIP-PARCOS catalog it was decided just to give a rough estimate of the stellar radius on the basis of the effective temperature derived from the photometry (stars marked with a * in Table 1 . For this operation the values used are those given by Gray 1992) . As the stellar radius was just a rough estimate, for these stars no uncertainty was derived, although an error bar of at least 50% is plausible. Therefore these values have to be taken with caution. Table 1 . Comparison of low mass EB candidates observed by STEREO/HI-1 in order of increasing radius of the companion. The spectral type is as given in SIMBAD but where this has not been determined it is listed as NA. The eclipse depth of each is given in mmag with an error corresponding to the standard deviation of the out-of-transit lightcurve, as found from the phase-folded lightcurves shown in Figure 4 . The Modified Julian Date (MJD-2400000) of the mid-eclipse time is given from the period analysis, which also provides the periods and their errors. The T eff and its error for each star was determined photometrically as described in Section 3.2, with the median value given here and the error being the standard deviation. Radii marked with a * are estimated on the basis of T eff rather than calculated from photometry as shown in Section 3.2. Note that the companion radii are lower limits and assume that the eclipses are total. In the last column, each candidate is flagged as to whether it is previously known to be eclipsing from the analysis of Wraight et al. (2011 Table 2 . The dates shown (in MJD-2400000) in this table are when the stars will next be observed by STEREO/HI-1, until the two STEREO spacecraft have passed behind the Sun. The times take into account the mask that is routinely applied to exclude data likely to be affected by solar activity. As the Sun is going to be at maximum during these observations, it is not expected that observations will be reliable within the region of the CCDs excluded by the mask. The designation NA indicates that data will not be available for that star on that occasion, in particular HD 205403 is currently just outside the field of view of the STEREO/HI-1B imager and will not be visible during the coming orbits for that satellite. Observation periods that may be occurring when the relevant spacecraft are near to losing communication due to being behind the Sun are marked with a * and may not be reported, or suffer from a reduced cadence and missing data. 
Comments on individual candidates
HD 23765
This star is well isolated and the archival SuperWASP observations confirm the eclipse depth and show that only one very faint star remains as a potential contaminant. The host star is faint, for STEREO to observe such low amplitude variability, and detail on the shape of the eclipse is poorly defined but the SuperWASP data shows clear u-shaped eclipses, along with evidence of slight tidal distortion in the host. Given the spectral type of the host and the short period, there is the potential for this to be due to a very low mass companion. The SuperWASP lightcurve is comparatively noisy and some cleaning was required in PERANSO, with slight indications that this might be partly due to very long period variability on a timescale greater than one year, although this would require more detailed observations to confirm or refute. Undetrended STEREO observations do not show this but there are hints of sinusoidal variability with a period about seven times the orbital period, however STEREO/HI-1B data could not be included in this check for longer period variability due to interference from several de-pointing events.
HD 287039
An apparently isolated star, there appear to be no candidates that could contaminate the lightcurve. The eclipses are fairly deep, being 75 mmag, compared to others in the sample but also of short duration and the ingress and egress phases appear sharp. The T eff of 5310 K estimated here results in a lower estimated radius for the host than all but one of the other stars in the sample. The eclipses are therefore consistent with a companion of 0.23 R . There is no sign of tidal distortion in the host, despite the short period, and the companion may therefore be very low mass.
HD 89849
This star is well isolated with only a single very faint star near enough to potentially contaminate the lightcurve. The eclipses are box-like but with sufficient depth (54 mmag) and clear tidal distortion in the host that the companion is expected to be in the low mass stellar regime. The radius estimated for the companion is 0.23 R , in agreement with this conclusion. However, this is dependent upon the accuracy of the estimated 1 R for the primary, which has no parallax but a T eff of 5789 K.
BD-07 3648
For this star, the photometry used in calculating the effective temperature was taken from the NOMAD1 catalogue (Zacharias et al. 2004 ). The star was initially suspected as being a low mass system due to the large parallax of 35.4 ± 19.6 mas (van Altena, Lee & Hoffleit 1995) combined with the faintness of the object. Unlike the other stars in this sample, however, the large eclipse depth indicates that the secondary has a similar size to the primary and therefore that the photometry might include a significant component of light from this star also. From the B − V colour we estimate an effective temperature of about 6000 K. Making use of the available 2MASS photometry we obtained three comparable values of T eff around 4000 K, therefore we finally adopted a T eff of 4074±918 K. From the transit depth, we know that the two stars have rather similar radii, meaning that the photometry might be affected by the secondary star, thereby introducing systematic errors in the adopted effective temperature. Taking into account the given parallax and the adopted T eff we estimate the stellar radius to be ∼0.3 R . However, contamination of the photometry by the light of the secondary star would result in an overestimation of the luminosity and temperature and, following from this, of the stellar radius, although the estimated radius does not seem unreasonable. Given the little information available and the complexity of the system, we are able just to give an indication of the spectral type of the two stars. Most likely the primary component is a late K-type star, while the secondary would then be an early M-type star. As a check, we attempted a fit of synthetic spectral energy distributions (SED), calculated with MARCS models (Gustafsson et al. 2008) , to the available photometry. Using a single SED the best fit is obtained for a dwarf star with a T eff of about 4250 K, which is then improved by adding a second SED for a dwarf star with a T eff of about 3800 K, in good agreement with our conclusions. As a further check, we attempted to fit the photometry assuming a much hotter primary star with a T eff of 6000 K, as suggested by the B −V color. In this case, the fit of the infrared photometry was obtained only by assuming that the secondary star is a cool star with a radius of ∼12 R , which is impossible given the observed transit depth, confirming therefore our conclusions. This would be a rather challenging system to confirm with spectroscopy or radial velocity studies. Nevertheless, as a nearby eclipsing binary of two very low mass stars it is more amenable to follow-up than the more distant systems of this type. Secondary eclipses are just visible in the phasefolded lightcurve, showing no eccentricity. The secondary eclipse depth is hard to gauge, being visually of the order of 50 mmag deep whereas the scatter on the lightcurve is of the order of 0.35 mag.
HD 75767
This star is a known spectroscopic binary with an orbital period of 10.248042 ± 0.000011 days, which has been determined by radial velocity measurements (Griffin 2006) . The T eff and absolute bolometric magnitude obtained from spectroscopic measurements in Mishenina et al. (2009) are 5823 ± 4 K and 4.60, respectively, which are in agreement with our photometric determination of 5649 ± 245 K and 4.55. The two stars are given to be spectral types G0 and M3 and this agrees very well with the radii found from this study. The cause of a brightening in the phasefolded lightcurve around the primary eclipses is a systematic effect due to the polynomial detrending, as illustrated by Figure 2 . The radial velocity data clearly indicates that the eccentricity is very small at 0.0134 ± 0.0020 but secondary eclipses are not observed. HD 75767 is actually a quadruple system, with the spectroscopic binary central pair orbited by a more distant M dwarf pair (Fuhrmann et al. 2005 ). This star has been known to be a spectroscopic binary for a long time (Sanford 1931) but the eclipses have not been observed prior to STEREO/HI-1, probably because of their shallow depth and short duration, the long period and also a lack of suitable reference stars for ground-based differential photometry. Figure 6 shows the radial velocity data collected by Griffin (1991) and Fuhrmann et al. (2005) for this star with the STEREO/HI-1 phase-folded lightcurve overlaid. There appears from Figure 6 to be a small discrepancy in the phase of the radial velocity measurements collected by Griffin (1991) and those of Fuhrmann et al. (2005) and it is tempting to speculate that this is due to the influence of the circumbinary red dwarf binary reported by Fuhrmann et al. (2005) . The earliest radial velocity measurements date back to the 1920's (Sanford 1931) and it is not inconceivable that the circumbinary stars might perturb the system in this way on decadal timescales. If this is the case, then transit timing variations would confirm it as well as providing orbits and masses for both binaries. It would also be worth monitoring for changes in eclipse depth in case the inclination of the system is similarly changing due to the combined motion of the two binaries.
HD 198044
This star has been reported by Samus et al. (2012) as a suspected variable with an amplitude of 50mmag, although the type of variability is not specified. It appears to be very isolated, with no obvious candidates to contaminate the lightcurve. Archival SuperWASP observations of this star have been made but are sparsely sampled in phase and the eclipses are not observed. This is the second-brightest star in the sample and also has the second-longest period, factors which make observing with SuperWASP difficult. The ingress and egress phases of the eclipses are very short indeed but there is some tidal distortion in the host, placing the companion in the low mass stellar regime. This star is one of the closest in the sample for those with a parallax available, at just 50 ± 1 parsecs.
HD 205403
This star is quite well isolated with only a single star almost two and a half arc-minutes away potentially contaminating the lightcurve, however this is almost exactly three magnitudes fainter in R. The eclipses appear to be total and the ingress and egress phases are very short but some tidal distortion is evident in the host, making the companion most likely to be low mass star. It is unclear whether or not secondary eclipses are seen for this star, as an extremely faint feature in the lightcurve could be easily confused with the signature caused by tidal distortion.
HD 213597
As detailed in Wraight et al. (2011) , this well-isolated star shows eclipses due to a potential substellar mass companion. There appears to be an indication of tidal distortion in the host but the very shallow, box-like transits suggest the companion to be very close to the brown dwarf regime. Interestingly, this is an early-type star with a slow projected rotational velocity, V sin i = 40 ± 4 km s −1 (Głȩbocki & Gnaciński 2005) . It is therefore a strong candidate to be a chemically peculiar star. There are, currently, only two known transiting planetary companions of early-type stars, WASP33b (Smith et al. 2011 ) and KOI-13 (Szabó et al. 2011) , both of which are much fainter than this. A radius measurement has been made for this star, giving r = 2.039 ± 0.303R (Masana, Jordi & Ribas 2006 ). There is a hint of asymmetry in the transit, although this needs to be confirmed with more sensitive observations. Using the radius measurement above, we derive the radius of the companion to be 0.35 ± 0.31R . The host radius determined here, photometrically, is 1.96 ± 0.06R , from which we derive the radius of the companion to be 0.36 ± 0.12R , which agrees with this. Given this apparent radius, a brown dwarf companion is unlikely, however this object is in close orbit of a star with T eff of nearly 7000 K and could easily have become inflated as a result. Radial velocity measurements from Nordstroem et al. (1997) show a reflex motion of just over 60 km s −1 , which suggests a low mass companion above the brown dwarf mass range.
HD 222891
A very isolated star, there is only one potential contaminant and this is almost four magnitudes fainter, so there is very good confidence in both the identity of the eclipsing variable and of the observed eclipse depth of 39 mmag. The eclipses are of short duration but, although the shape is not clear, both the matched filter model and a close-up of the eclipse (Figure 3 , right plot, and Figure 5 , top-right Figure 6 . Radial velocity data of HD 75767 collected from Griffin (1991) and Fuhrmann et al. (2005) with the phase-folded lightcurve of STEREO/HI-1 overlaid in phase and set to 0 km/s. The errors on the RV data points are the rms residuals given in Griffin (1991) and as specified for each data point from Fuhrmann et al. (2005) . The larger errors are from photograhic observations originating in Sanford (1931).
plot, respectively) suggest the eclipses are most likely total. More sensitive observations are required to confirm this and to search for secondary eclipses, which are not observed. There is a faint hint of tidal distortion in the host but, given its spectral type of F8 and the observed eclipse depth, the companion is expected to be very low mass.
CONCLUSIONS
The lack of bright eclipsing low mass, brown dwarf and exoplanet host stars is a major obstacle to detailed analysis of these interesting objects and to advancing the understanding of stellar formation and evolution. STEREO is an ideal platform for carrying out a survey for such objects and whilst the sample of nine presented here consists of companions likely to be too massive to be exoplanets, all are likely to be stars of very late spectral type (M or late K). In particular, BD-07 3648 appears to be one of the brightest detached eclipsing binaries where both stars are in the low mass regime. If followup observations show any of these candidates to have masses in the brown dwarf regime, however, it would be a big step forward for research into brown dwarfs and their atmospheres and other characteristics. Follow-up observations are required to ascertain the nature of all the candidates presented here, except for HD 75767 for which a wealth of data is available ( Figure 6 ). There are relatively few detached low mass EB systems, with just six previously known double-lined detached eclipsing binaries where the companion has a radius less than 0.4 R (Feiden & Chaboyer 2012) . This sample of nine bright low mass EB candidates represents a considerable improvement in both the statistics and variety of low mass stars which can be summed up as follows:
• With a brightness range of V = 6.59 mag to V = 11.3 mag, they are a sample suitable to be studied in great detail, refining parameters of both components with unprecedented precision.
• A range of periods have been observed from 1.59495 days to 10.2478 days, that shows low mass stars can be found in a diverse range of environments and provides a new benchmark against which to test models of stellar formation and magnetic field generation.
• The host stars for these EBs have a diverse range of temperatures, from 6925 K to 4074 K, providing an excellent comparison for models of stellar evolution.
• Spectral types for the host stars range from F0 to late K, including an early-type star (HD 213597) and a star that itself appears to be low mass (BD-07 3648), reinforcing the observation that low mass stars can be found in almost any environment.
• The lower limits of the radii of the companions (and also the primary for BD-07 3648) are determined to be in the range 0.22 R to 0.36 R , providing 10 stars in bright eclipsing systems that are expected to be near to the boundary where stars become fully convective, challenging models of stellar structure to fully explain their properties.
